Weeds are serious problem in dry direct seeded rice (DDSR). A field experiment was conducted during rainy seasons of 2010 and 2011 at research farm of the Regional Agricultural Research Station (RARS) Parwanipur, to study the effect of integrated weed management practices on the performance of dry direct seeded rice. Ten treatment combinations viz; weedy, weed free (weekly), Pendimethalin fb (followed by) Bispyribac, Pendimethalin fb two hand weeding, Stale seedbed fb Bispyribac, Stale seedbed fb Pendimethalin fb Bispyribac, Mulch 4 t/ha fb Bispyribac fb one hand weeding, Stale seedbed fb mulch 4 t/ha fb Bispyribac, Pendimethalin and Sesbania co-culture fb 2,4-D Na salt fb one hand weeding and Pendimethalin fb 2,4-D fb one hand weeding were tested in a randomized complete block design and replicated thrice. Observations were taken on weed, plant growth and yield attributes, yield, and socio-economic parameters. All weed control treatments significantly reduced the weed density and dry weight of weed resulting significant increase in yield of DSR over weedy check in both years. Weed free treatment resulted the highest yield, however, it was not economical due to high cost of cultivation. The use of Pendimethalin fb 2,4-D fb one hand weeding produced yield (5161 in 2010 and 6160 kg/ha in 2011) which were statistically at par with yield (5305 in 2010 and 6319 kg/ha in 2011) obtained under the weed free treatment. Further, the highest benefit cost ratio (CBR) 1.77 and 2.22 and net return Rs 47700 and 75084/ha during 2010 and 2011, respectively, were obtained under this treatment indicating its superiority over other treatments. The grain yield, yield attributing characters viz. panicles per m 2 , panicle weight, filled grain per panicle, thousand grain weight as influenced by different weed management practices revealed that higher yield resulted from weed free plot followed by Pendimethalin followed by two hand weeding and Pendimethalin followed by 2,4-D followed by one hand weeding. However, the net return per unit investment resulted highest in Pendimethalin followed by 2,4-D followed by one hand weeding. This proved that amid increasing wage rate and labor scarcity integrated weed management through Pendimethalin 30 EC (stomp) @ 1 kg a. i./ha as pre-emergence herbicide application followed by 2,4-D sodium salt 80 WP @ 0.5 kg a.i./ha followed by one hand weeding or stale seed bed followed by Pendimethalin 30 EC (stomp) @ 1 kg a. i./ha followed by Bispyribac (nominee gold) @ 25 g a. i./ha 10 % @ 200 ml/ha at 20 days of seeding resulted best alternative for manual hand weeding practices giving higher net return per unit investment.
Introduction
Rice is the main staple food of Nepalese People and it is predominantly grown by transplanting in puddled soil with continuous flooding. However, this method requires huge amount of water, labor and energy for land preparation, nursery raising, transplanting and weeding leading to high cost of cultivation. Furthermore, puddling also affects soil health due to the dispersion of soil particles, soil becoming compact and making tillage operations difficult requiring more energy in succeeding crops such as wheat & Hobbs et al., 2002 . An alternative to puddling and transplanting could be aerobic direct seeding because it requires less water, labor and capital inputs. The direct-seeded crop also matures earlier (7-10 days) than the transplanted crop, thus allowing timely planting of the succeeding wheat crop (Giri, 1988) .
Irrigated "aerobic rice" is a new system being developed for low land areas with water shortage and for favourable upland areas with access to supplementary irrigation (Tuong et al., 2003 and Belder et al., 2005) . However, aerobic systems are subject to much higher weed pressure than conventional puddled transplanting systems (Rao et al., 2007) . Aerobic soil dry-tillage and alternate wetting and drying conditions, on the other hand, are conducive to the germination and growth of weeds causing grain yield losses of 50-91% (Elliot et al; 1984; Fujisaka et al. 1993 and Rao et al., 2007) . Weed account for 50-80% yield reduction in rainfed uplands (Ranjit et al., 1989) .
Thus, weeds are the most severe constraint to aerobic rice production and timely weed management is crucial to increasing the productivity of aerobic rice. Most upland and aerobic rice growers in Asia mechanically weed their crops two or three times per season, investing upto 190 person days ha -1 in hand weeding (Roder; 2001) . Herbicides are considered to be an alternative/ supplement to hand weeding. Both pre-emergence and post-emergence herbicides can be used in aerobic rice fields and they are effective, if properly used (De Datta et al., 1996 and Singh et al., 2006) .
Since the concept of aerobic rice is new growing rice under aerobic conditions on raised beds or on flat land would require suitable, effective and economic weed-control methods, development of new improved herbicides for aerobic dry-seeded rice is also needed. The increasing cost of labour threatens the sustainability of transplanted rice within the rice-wheat system of Indo-Gangetic Plains. Direct-seeding is cost effective, can save water through either rice crop establishment and allows early sowing of wheat (Ladha et al., 2003 and Singh et al., 2003) . In RCT s , dry-DSR with zero-till machine has been started and information on weeds and weed management is scarce. However, this type of research works are less carried in our context. Therefore, the present experiment was conducted to develop effective and economical integrated weed management practices for dry direct-seeded rice.
Materials and methods
The field experiment was conducted for two consecutive years (2010 and 2011) at the experimental field of RARS, Parwanipur at an elevation of 115 m (27''4'N and 84''53'E) . The climate of Parwanipur is subtropical with very hot summers and cold winters. The hottest months are May and June, when the maximum temperature reaches 40 0 C, whereas during December and January, the coldest month of the year, the minimum temperature often goes below 7 0 C. The average rainfall is 1200 mm, 80% of which is received through the monsoon from June to September. The experimental soil was an Inceptisol formed on Himalayan residium with the following characteristics in the top 15 cm profile. clay 8.0%,silt 17.0%, and 75% (loamy sand), pH (1.2 soil. water) 7.0 total N 0.086 g kg -1 , total C 6.5 g kg -1 , NH 4 OAC -extractable K 0.054 g kg -1 , Olsen P 0.015 g kg -1 , Saturation extract exchangeable cations 1.4 ds m -1 , and bulk density 1.6 Mg m -3 .
The experiment was arranged in randomized block design with three replications. Ten treatments were weedy check, weed free (weekly hand weeding), Pendimethalin followed by Bispyribac, Pendimethalin followed by two hand weedings, stale seedbed followed by Bispyribac, stale seedbed followed by Pendimethalin followed by Bispyribac, mulch (wheat straw) @ 4t/ha followed by Bispyribac , Pendimethalin and Sesbania co-culture followed by 2,4-D Na salt followed by one hand weeding stale seedbed bed followed by mulch (Wheat Straw) 4t/ha followed by Bispyribac and Pendimethalin followed by 2,4-D followed by one hand weeding. Herbicides were applied using a power operated Knapsack sprayer with a flat fan nozzle and water as a carrier at 750 liter ha -1 . For the weed free treatment, 8-11 hand weeding were done to maintain a weed free situation. In the weedy control, no weeding was done. Sabitri, a late duration variety was seeded on 7 th July, 2010 and 15 th June, 2011 with seed rate of 30 kg/ha by Pantanagar Zero seed drill in line. Row to row spacing was kept 20 cm and plant to plant continuous. Pre-sowing irrigation was applied in all the plots for moisture. In stale seedbed treatment, the pre-seeding herbicide Glyphosate @ 1.0 kg a.i/ha was applied 10 days before seeding to kill already germinated weeds. In Sesbania co-culture treatment, it was sown as an inter crop with rice.
Results and discussion

Effect on weeds
The major weeds infesting the experimental field were Cynodon dactylon, Cyperus rotundus, Cyperus iria, Echinochloa crusgalli, Echinochloa colona, Fimbristylis dichotoma, Palantus nirui,etc. However, the number of weeds infested the experimental field were less in 2011 than 2010, perhaps due to more rainfall in 2011 which might have suppressed the growth of some weed species. All the weed control treatments significantly reduced the weed density and dry weight of weeds over weedy check during both the year of study. The maximum weed population and weed dry weight were recorded in weedy check during both the years. Among the herbicidal treatments maximum intensity and dry weight of weeds were recorded in Pendimethalin fb by Bispyribac and the lowest intensity and dry weight of weeds were recorded in Pendimethalin fb 2,4-D fb one hand weeding. The next lowest intensity and dry weight of weeds were recorded in Pendimethalin fb two hand weeding. This indicates that one cannot rely on herbicide only for the weed control and at least one hand weeding is needed. During both years, the proportion of grassy weed dry weight was higher than other weeds (table-1.a, 1.b, 2.a & 2.b). Grasses persist in all of the principal crops and are a major cause for concern. It is also reported that the greatest weed pressure and crop-weed competition occur in aerobic rice and least in transplanted irrigated and rain fed lowland rice (Datta et al., 1996; Moody, 1991 and Rao et al; 2007) . The weedy control had significantly highest weed density and dry weed weight over all the treatments. Effect on crop yield and yield attributes.
The weed free treatment produced maximum yield of direct seeded rice in both years. This might be attributed to better growth of plants on account of reduced weed competition at critical crop growth stages resulting in increased availability of nutrients, water and light. All the weed control treatments significantly increased the number of panicles/m 2 , panicle weight, filled grains/panicle and thousand grain weight and ultimately the yield over weedy check except unfilled grain and 1000 grain weight in 2011, which were non significant. Among the herbicidal treatments, the use of Pendimethalin fb 2,4-D fb one hand weeding produced maximum number of panicles/m 2 (230) panicle weight, filled grains/panicle and 1000 grain weight and yield during both years (table-3) which were comparable to that of weed free treatment, Samar (2005) reported similar results with the use of Pendimethalin in dry direct seeded rice. The highest grain yield (5305 in 2010& 6369 kg/ha in 2011) was recorded at weed free treatment in both years whereas, use of Pendimethalin fb 2,4-D fb one hand weeding which also showed statistically at par with weed free. This was perhaps due to high weed control efficiency of the treatment (Pendimethalin fb 2, 4-D fb one hand weeding). It was closely followed by the use of Pendimethalin fb two hand weeding and stale seed bed fb Pendimethalin fb Bispyribac. In each case, the involvement of Pendimethalin followed by manual weeding or other herbicide indicates that Pendimethalin seems to be an effective pre-emergence herbicide for weed control in direct seeded rice. The efficacy of Pendimethalin alone is high reported by several authors (Moody,1991; and Valverde et al; 2001) or in combination with hand weeding was reported so effective in controlling weeds in dry direct seeded rice (Ramamoorthy et al; 1998 and Singh et al; 2005) . Rainfall pattern of monsoon in the second year was well distributed during crop growth period resulted better crop performance. The experimental plots were heavily infested with rice Gundhi bug (Leptocorisa varicornis) which subsequently reduced yield in 2010.
Economics
A perusal of data on economic analysis of integrated weed management practices in dry direct seeded rice suggested that cost of cultivation of weed free treatment was almost same in both years due to this low net return. However, net returns observed almost double in the year 2011 than 2010 (Table-4 ) due to more production. The highest yield resulted in weed free check followed by Pendimethalin followed by two hand weeding and Pendimethalin followed by 2,4-D followed by one hand weeding. However, the net return per unit investment resulted highest in Pendimethalin followed by 2,4-D followed by one hand weeding. The net return per unit investment exceed by stale seed bed followed by Bispyribac and stale seed bed followed by Pendimethalin followed by Bispyribac than weed free check. This revealed that amid increasing wage rate and labour scarcity integrated weed management through Pendimethalin 30 EC (stomp) @ 1 kg a. i./ha as preemergence herbicide application followed by 2, 4-D sodium salt 80 WP @ 0.5 Kg a. i. /ha followed by one hand weeding or stale seed bed followed by Pendimethalin 30 EC (stomp) @1 kg a. i./ha followed by Bispyribac (nominee gold) @ 25 g a. i./ha 10 % @ 200 ml/ha at 20 days of seeding resulted best alternative for manual hand weeding practices giving higher net return per unit investment. 
